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Monoclonal antibody identification of infiltrating mononuclear leuko-
cytes in lupus nephritis (LN). Populations of mononuclear inflammatory
cells infiltrating the renal interstitium in LN were studied by means of
an avidin—biotin immunoperoxidase technique applied to cryostat sec-
tions of 26 renal biopsies (3 WHO class lIb; 4 class III; 8 class IV; 4
class V; 4 class III and V; and 3 class IV and V). The majority of
interstitial leukocytes were T cells (mean 65.7 14.1). The number of
cells reactive with OKT8 (47.3 11.0) exceeded the number of OKT4
positive cells (32.5 11.3) in 22 of 26 biopsies. Cells reactive with
antimonocyte antibodies OKMI and 0KM5 (6.7 5.9 and 7.9 5.9,
respectively) and B lymphocytes (0KB2 3.9 3.5) were a minor
component of the interstitial infiltrates. Monocytes were the predomi-
nant cell type among stained cells in glomerular tufts and crescents.
Tissue T41T8 ratios varied widely (range 0.31 to 1.81), and were less than
1 in 22 of 26 patients. There was no correlation between tissue T4/T8
ratios and simultaneous peripheral blood T4/T8 ratios. Using stepwise
multivariate linear regression, tissue T4/T5 ratio was found to correlate
highly with renal histologic activity (P < 0.001) but was not indepen-
dently predictive of any other histopathologic or clinical variable
studied. Mean tissue T4/T8 ratio in LN was significantly lower than that
of other glomerular and interstitial diseases studied (P < 0.001), a
finding which may reflect differences in the pathogenesis of renal injury.
These findings suggest that local cellular immune mechanisms may be
important in the modulation of disease activity in LN.
Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease characterized by B cell hyperactivity and the production of
multiple autoantibodies. Peripheral blood studies of patients
with SLE have described numerous B and T cell abnormalities
including increased antibody production, impaired generation
of suppressor T lymphocytes, altered ratios of circulating T cell
subsets, the presence of circulating lymphocytotoxic antibod-
ies, and altered autologous mixed lymphocyte reactions [1—6].
Several investigators have reported a correlation between the
ratio of circulating T cell subsets and clinical disease manifes-
tations of SLE [7]. However, the percentage distribution of
these cells in the affected organs at the site of tissue injury has
not been similarly investigated.
Interstitial mononuclear inflammatory cells are frequently
found in renal biopsies of patients with SLE [8—10]. These
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infiltrates are usually mild in mesangial proliferative (WHO
Class II) and membranous (WHO Class V) LN. However, in
focal and diffuse proliferative forms of LN (WHO Class III and
IV), interstitial inflammatory cell infiltrates are typically numer-
ous and their severity correlates with other histologic indicators
of disease activity as well as with the clinical severity of the
renal disease [10]. By light microscopical analyses these infil-
trates are composed of lymphocytes, monocytes, plasma cells,
and polymorphonuclear leukocytes. With the advent of mono-.
clonal antibodies, it is now possible to identify these cells as
phenotypically and perhaps functionally distinct subsets. In this
study, in order to investigate the possible role of these cells in
the pathogenesis of renal lesions, a panel of hybridoma—derived
monoclonal antibodies, which recognize lineage and differenti-
ation—specific surface antigens on mononuclear inflammatory
cells, was applied to serial cryostat sections of renal biopsies
from 26 patients with SLE using an avidin—biotin immunoper-
oxidase technique. The number of each of these cell types in the
renal interstitium was determined and correlated with the
various histopathologic, clinical and therapeutic parameters of
each patient's disease. The percentage distribution of mononu-
clear leukocytes in the renal interstitium was compared with the
corresponding percentages of these cells in simultaneous pe-
ripheral blood samples from 10 of these patients.
Methods
Patient population
Twenty—six consecutive patients who fulfilled the ARA cri-
teria for SLE were studied. There were 25 females and one male
ranging in age from seven to 49 years, (mean 30.6 12.8 years).
The duration of SLE, defined as the time between first clinical
symptoms and renal biopsy, ranged from 0.1 to 10.0 years
(mean 2.9 2.8 years). Five patients were biopsied within three
months of clinical onset of SLE. All 26 patients had extrarenal
features of SLE which included arthralgias (50%), arthritis
(46%), myalgias (15%), CNS involvement (19%), lymphad-
enopathy (15%), fever (15%), Raynaud's phenomenon (23%),
and cutaneous manifestations (15%), including vasculitic rash in
three patients. Fifty—four percent of patients had hypertension
(diastolic > 90 mm Hg) and 65% had peripheral edema at the
time of biopsy.
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snap—frozen in a mixture of isopentane and dry ice and stored at
80°C until use. Serial 4 thick cryostat sections were cut, air
dried, acetone fixed for 10 minutes at 4°C, and rinsed in
(18, 19) phosphate buffered saline (PBS). Endogenous biotin activity
(20, 23. 42) was blocked by sequential incubations in Avidin-D (0.0 1%) and
d-Biotin (0.01%) [17]. After PBS wash, sections were incubated
with the following solutions, each followed by PBS wash: 2%
(21, 23, 42) normal horse serum, appropriately diluted monoclonal anti-
body, biotinylated horse anti-mouse antibody (Vector labora-
tories), avidin—conjugated horseradish peroxidase ( 'ABC",
(24, 25) Vector laboratories) and 0.5% 3-3' diaminobenzidine (DAB)
containing 0.01% H,02 (pH 7.2). Sections were counterstained
(24 26) with toluidine blue, dehydrated in graded alcohols and
mounted.
Monoclonal antibodies. The monoclonal antibodies em-
(27, 28) ployed and their specific reactivities are listed in Table I
[18—28].
Tissue control. Positive controls run for each antibody in-
_______ eluded lymphoid tissue (lymph node or tonsil). Comparative
controls included "normal" renal tissue obtained at nephrec-
tomy from two patients with renal cell carcinoma, four renal
biopsies with a diagnosis of chronic interstitial nephritis, (in-
cluding one pyelonephritis, one chronic interstitial nephritis in a
patient with known multiple myeloma but without demonstra-
ble cast nephropathy, one chronic active interstitial nephritis
(possibly drug—induced) and one chronic interstitial nephritis of
unknown etiology), six renal biopsies with a diagnosis of
primary glomerular disease (one case of membranoproliferative
glomerulonephritis in association with Hepatitis B surface
antigenemia, one case of membranous glomerulopathy, one
case of chronic endocapillary and extracapillary proliferative
glomerulonephritis of unknown etiology, one case of crescentic
glomerulonephritis in association with hypersensitivity angiitis
and two cases of idiopathic focal segmental glomerulosclcrosis
and nephrotic syndrome), and eight renal allograft biopsies with
cellular rejection. Negative controls included: 1) frozen sec-
tions of each renal biopsy treated with DAB alone, 2) frozen
sections treated with biotinylated antibody/ABC/DAB alone,
and 3) frozen sections treated with supernatants from
nonsecreting hybridomas.
Cell data analysis. Interstitial mononuclear inflammatory
cells reactive with each of the antibodies were counted in their
entirety in the stained serial sections, with special attention
given to topographic distribution (periglomerular vs. peritu-
bular). Cells with a distinctly brown, continuous plasma mem-
brane surrounding a toluidine—blue positive nucleus were con-
sidered positive. Cells containing no nuclear material were not
counted, Also excluded were 0KB2 and 0KM1 positive cells
with the nuclear and cytoplasmic features of granulocytes. The
staining of normal renal constituents (renal tubular epithelial
cell and parietal epithclial cell cytoplasm with 0KB2, and the
endothelial cell plasma membranes of some interstitial capillar-
ies with 0KM3) [24, 28] did not interfere with the enumeration
of infiltrating mononuclear cells, from which they could readily
be distinguished morphologically.
For purpose of comparison, thc number of mononuclear
inflammatory cells reactive with each of the antibodies was then
expressed as a percentage of the sum of cells staining with
OKT4, OKT8, 0KM1, 0KM5, and 0KB,. This figure was
chosen as the best approximation of the total number of
'fable 1.
Reactivity ReferenceMonoclonal antibody
Leu-1
OKT4(a & b)
0KT
0KM
0KM5
0KB
pan-T cell
- 5% benign B cells
helper/inducer T cells;
cells recognizing
Class II antigens
cytotoxic/suppressor T
cells; cells
recognizing Class I
antigens
adherent peripheral
blood monocytes, null
cells, granulocytes
adherent monocytes,
platelets, sonic renal
capillary endothelium
B lymphocytes,
granulocytes, renal
tubular and parietal
cpithelium
Laboratory data at the time of biopsy included a low total
serum hemolytic complement (CHS() < 160 z) in 79% and an
elevated anti-DNA antibody titer (Farr> 40%) in 59%, anemia
(hematocrit < 35%) in 54%, leukopenia (WBC <4000/mm5) in
one patient (4%) and thrombocytopenia (platelet count <
150,000) in 8%.
Renal studies showed a serum creatinine of 0.6 to 5.3 mg/dl
(mean 1.5 1,18) with a creatjnine clearance less than 50
cc/mm in six, and twenty—four hour urinary protein excretion of
0.12 g to 10.0 g (mean 3.9 2.63 g). Twenty patients had
urinary protein excretion greater than 200 mg/day. Urinalysis
disclosed hematuria in 62% and leukocyturia in 65%. Six
patients were untreated at the time of biopsy, eleven were
receiving low dose prednisone (less than 30 mg/day or less than
60 mg every other day) and nine were receiving high dose
prednisone (equivalent to or greater than 30 mg/day) with or
without a second immunosuppressive medication (azathioprine
or cyclophosphamide).
Renal tissue obtained by percutaneous (24 patients) or open
(two patients) renal biopsy was processed for light microscopy,
immunofluorescence, and electronmicroscopy according to
standard techniques [Ill and classified according to WHO
morphologic criteria [12, 131. Total renal histologic activity
index (RAI) was graded on a scale of 0 to 24, representing the
sum of scores (0 to 4) for each of six histologic parameters:
glomerular hypercellularity, fibrinoid, nuclear karyorrhexis or
pyknosis, crescents, deposits and severity of interstitial inflam-
mation (modified from [14]). Glomerular severity index (GSI)
was calculated by determining the degree of glomerular capil-
lary lumen obliteration and the percentage of glomerular sur-
face area involved (1+ = 0 to 25%. 2+ 25 to 50%, 3+ — 50
to 75%, 4+ — 75 to 100%).
The portion of the biopsy studied by immunoperoxidase
consisted of cortex in 25 cases and medulla in one case. The
preparation and staining of tissue sections for immunoper-
oxidase has been described in detail [15, 16]. In brief, tissue was
Tissue studies
infiltrating mononuclear inflammatory cells (excluding plasma
cells). Although some degree of overlap exists between the M1
and M5-positive populations, the error introduced by this du-
plication was considered small based on the relatively small
numbers of cells reactive with these two antibodies. The sum of
cells reactive with antibodies OKT4, OKT5, 0KM, 0KM5, and
0KB2 varied according to the size of the biopsy specimen and
the intensity of the inflammatory process, the mean sum per
biopsy being 940 cells. Using serial cryostat sections stained
with hematoxylin and eosin, these antibodies were found to
stain over 95% of the total number of interstitial leukocytes
(excluding plasma cells and polymorphonuclear leukocytes).
The percentages of each of the cell populations was then
correlated with the numerous histopathologic, clinical, labora-
tory and therapeutic parameters.
Cytofluorography on peripheral blood. Heparinized periph-
eral blood samples were drawn at the time of renal biopsy from
10 patients. Lymphocytes were isolated by Ficoll hypaque
separation and stored at —70°C. Cytofluorography was per-
formed on an ortho cytofluorograf 30L machine according to
standard techniques [29j.
Statistical analysis. Correlation co-efficients were obtained
using linear regression techniques. The relationship of log tissue
T4/T8 ratio and those variables correlated with it was examined
using multivariate linear regression. The two tail t test was
utilized to compare log tissue T4/T8 and log peripheral blood
T4/T8. In order to compare log tissue T4/T8 ratios with total
hemolytic complement and anti-DNA antibody titer, these two
variables were dichotomized into normal (defined as CH50 >
160 units and anti-DNA Ab  40%) and abnormal groups.
Results
Histopathology (Table 2)
The renal biopsies were classified as mesangial proliferative,
Class JIb, (three patients); focal proliferative, Class III (four
patients); diffuse proliferative, Class IV (eight patients); mem-
branous, Class V (four patients); focal proliferative and mem-
branous, Class III and V (four patients) and diffuse proliferative
and membranous, Class IV and V (three patients). One Class
lib surgical biopsy (patient #1) also showed moderately severe
tubulo-interstitial disease consistent with clinically evident bac-
terial pyelonephritis. The activity index ranged from 3 to 19
(mean 9.61 4.2). Severity index ranged from I to 4 (mean 2.61
1.06).
Immunoperoxidase (Table 3, Figs. / and 2)
The largest population of mononuclear inflammatory cells
infiltrating the interstitium in all 26 biopsies was the Leu-l
positive T cell (range 35 to 92%, mean 65.7% 14.1). The
PT #
WHO
class
Renal act.
index (RAI)
(0—24)
2
2
2
2
2
3
2
3
0
0
0
2
3
2
1.32
0.50
0.43
1°
3
4
JIB
JIB
JIB
3
4
5
5
11
13
21
III
III
III
III
5
8
9
13
10
16
17
20
22
23
25
26
IV
IV
IV
IV
IV
IV
IV
IV
8
10
12
12
15
15
16
19
2
6
8
9
V
V
V
V
4
6
6
6
7
14
18
19
12
15
24
IlI+V
III+V
IIJ+V
IlI+V
IV+V
IV+V
JV+V
6
10
12
12
9
10
15
0
ND
0
+
0.54
0.31
0.67
0.92
4
3
3
3
4
4
3
4
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Table 2. Histopathologic data in lupus nephritis
Glom. sev. Severity
575
index (GSI) mt. infi. TBM Tissue
(0—4) (0—4)
2.61 1.06 1.92 .84
deposits T4/T8
10/26 .75 .42
2
2
2
3
2
4
3
0
+
+
0
+
+
+
+
0.37
0.58
0.54
0.44
0.66
1.53
1.81
1.80
0
0
ND
0
2
3
2
3
3
4
4
0.78
0.45
0.66
0.50
SD 9.61 4.2
a Pt, #1 had co-existing chronic pyelonephritis.
2
3
2
3
2
+
+
0
0
0
+
0
0.32
0.74
0.59
0.99
0.83
0.48
0.88
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Table 3. Immunoperoxidase results in renal biopsies of lupus
nephritis (N 26)
Mean # of positive
e/ Mean SI) Range cell counts/biopsy
Leo-I 65.7 14.1 35.0—92.0 663.6
OKT4 32.5 11.3 12.0—60.0 351.1
OK'!5 47.3 11.0 22.0—68.0 447.1
0KM 6.7 5.9 0.5—22.0 51.5
OKM 7.9 5.9 0.5—26.0 56.4
0KB2 3.9 3.5 0—13,0 35.
% expressed as percentage of cells reactive with OKT4 + T5 + M1
+ M + B.
Fig. 1. Cr'ostat section ft'oui patient #20 stained with OKT5 reveals
nume,'oos OKTs—positive cells in the ifltei'stiliulfl surrounding a
g/umerulus. No reactive cells are present in the glomerular tuft or
crescent. Toluidine—blue counterstain. (X 250)
number of Leo-i positive cells fell slightly short of the sum of
OKT4 and OKT8 cells, an observation made by others 130] in
similar studies and which suggests the presence of a small
population of cells bearing both T4 and 18 surface markers. The
number of cells reactive with OKT5 (range 22 to 68%, mean
47.3% 11.0) exceeded the number of OKT4-positive cells
(range 12 to 60%, mean 32.5% 11.3) in 22 of 26 biopsies
(85%). Thus, the renal tissue T4/T8 ratio, which ranged from
0.31 to 1.81 (mean 0.75 0.42), was less than 1.0 in 22 patients
and exceeded 1.0 in only four patients. The number of cells
Fig, 2. A deeper lc's'eI o.t tile same glooie,'u Ins stained ui/h OKT4
reveals fewer reactive cells in the cortical interstitium su;'rounding the
glomerulus. No OK'1'4-posittve cells are identified within the glomerulus
(Patient #20). Toluidine—blue counterstain. (x250)
reactive with monocyte antibodies 0KM1 (range 0.5 to 22%,
mean 6.7 5.9) and 0KM5 (range 0.5 to 26%, mean 7.9 5.9)
comprised a minor component of the infiltrating cells. B lym-
phocytes, detected by 0KB,, were also relatively few (range 0
to 13%, mean 3.9 3.5). There was no significant difference in
the percentage distribution of mononuclear cells between the
periglomerular and periluhular regions of the interstitium.
In the glomeruli, mononuclear cells reactive with Leu-1,
OKT4. and OKT5 were found in only small numbers while
0KM1 and OKM5-positive mononuclear cells were the pre-
dominant cell types among stained cells in the tufts and cres-
cents (Fig. 3). In eight patients. sections stained with Leo-I.
OKT8 and OKT4 gave a granular pattern of glomerular staining
in the rnesangium and/or within glomerular capillary walls that
closely resembled the distribution of immunoglobulin and com-
plement deposition as detected by immunofluorescence [31]
(Fig. 4). Since similar hut weaker positivity in the same pattern
was found in tissue controls stained with secondary (biotinyl-
ated) antibody/ABC/DAB alone, but not with ABC/DAB alone,
this finding was thought to he nonspecific, possibly the result of
Fe binding to the secondary antibody. This staining pattern
frequently interfered with the recognition and enumeration of
mononuclear cells infiltraling the glomeruli. Due to these tech-
t 4
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Fig. 3. A serial section of the same glomerulus stained with 0KM5
shows positively—stained cells in the glomerular tuft, hut not in the
surrounding interstitium (Patient #20). Toluidine-blue counterstain.
(x250)
nical problems, glomerular mononuclear leukocytes were not
precisely quantitated.
Controls
Table 4 contains immunoperoxidase results from 20 controls.
In all controls studied (Table 4), as in LN, T cells were the
predominant interstitial mononuclear inflammatory cell type
with relatively small numbers of infiltrating B lymphocytes and
monocytes. The mean tissue T4/T5 ratio was 0.34 in transplant
rejection, 0.75 in lupus nephritis, 1.59 in chronic interstitial
nephritis, 1.61 in "normals" with mild arterionephrosclerosis
and 2.06 in the group with other primary glomerulopathies
(GN). Excluding the transplant patients, when lupus nephritis
was compared to the chronic interstitial nephritis, "normal"
and GN patients taken as a group, there was a significant
difference between the log T4, log T8, and log tissue T4/T8 ratio
(P < 0.001 for all three variables). Lupus nephritis patients had
a lower mean tissue T4/T8 ratio than the other three groups and
this lower ratio could be attributed to a decrease in the mean
percentage of T4+ cells as well as an increase in the mean
percentage of T8+ cells in LN. The extremely low tissue T4/T8
ratio of 0.34 in transplant rejection correlates with the findings
Fig. 4. A cryostat section from patient #24 (lupus nephritis class IV &
V) stained with OKT4 shows reaction product wit/u,, glo,nerular capil-
Ian' walls in the same distribution as immunoglohu/in deposits detected
by routine immunofluorescence. (no counterstain) (x250)
reported by others [321, and is thought to reflect the extremely
high level of cytotoxic T cell activity in the rejecting allograft.
Peripheral blood T (cli subsets
Cytofluorographic analysis of the peripheral blood T cell
subsets at time of renal biopsy was performed in 10 patients.
(Table 5). The mean peripheral blood T4/T8 ratio was 1.27 while
that in renal tissue was 0.72. All peripheral T4/T8 ratios were
either similar to or only slightly lower than those of the hospital
laboratory control population (1.75 0.56), but they were
distinctly reduced in the tissues in nine of the 10 cases studied.
The single exception was the patient with extremely active LN
and renal tissue T4!T8 ratio 1.8. Thus, no correlation between
the tissue T4/T8 ratio and that of the peripheral blood was found.
(P = NS, t-test performed on logarithmic transformation of
these two ratios).
Correlations (Table 6)
The relationships between histopathologic and clinical varia-
bles and both tissue T41T8 ratio and peripheral blood T4/T8 ratio
were first investigated using scatter plots (Table 6). Those
variables correlating with the log T4/T8 tissue ratios at a P value
of 0.10 or less were then entered into a stepwise multiple linear
a.
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Table 5. Peripheral blood vs. tissue T4/Th ratios
PT # T4/T peripheral T4/T5 tissoe
9 .78 0.51)
7 .94 0.32
6 .94 0.45
26 III 1.80
22 1.16 0.66
24 1.32 0.88
18 1.34 0.59
13 1.59 0.67
7 1.70 0.54
12 1.91 0.83
1.27 0.72
regression analysis in order to select those variables which had
a significant and independent relation to the log T4/T5 tissue
ratio. The data from one patient (patient #1) (class Jib) was
excluded from these calculations because of the presence of
co-existing pyelonephritis, which probably accounted for much
of the interstitial inflammation.
Peripheral blood T4/T5 ratio. There was no correlation be-
tween peripheral blood T4/T5 ratio and any clinical or histo-
pathologic parameter listed in Table 6. (P = NS).
Tissue T4/T8 ratio. No correlation was found between the
tissue percentages of cells (Leu-l), monocytes (0KM1 and
0KM5) or B lymphocytes (0KB2) and any clinical or histo-
pathologic parameter listed in Table 6. (P — NS). However,
within the T cell population, differences were found between
the tissue ratios of T4 and T5 positive cells with respect to
several parameters. (sec Table 6). A strong positive linear
correlation (P < 0.001) was found between the tissue T4/'l8
ratios and histologic activity of LN (Fig. 5). tn fact, using
stepwise multiple linear regression, the histologic activity index
was found to be the only histopathologic variable significantly
and independently related to the tissue T411'5 ratio. The severity
of interstitial inflammation was significantly positively corre-
lated with the tissue T4/T5 ratio (P c t).05), but due to the strong
correlation between the renal activity index and the severity of
interstitial inflammation (r — 0.71), severity of interstitial in-
flammation did not have independent predictive value. This is
not unexpected, since severity of interstitial inflammation was
one of the six parameters used to determine histologic activity.
A weakly positive association was found between the presence
of tubular basement membrane (TBM) electron dense deposits
and tissue T4/T5 ratios (P < 0.10), all three patients with tissue
T4/T8 levels greater than 1.0 having ultrastructural evidence of
TBM deposits. With regard to WHO class, three of the four
patients with tissue T4/T5 ratio greater than one had pure class
IV LN. The fourth patient (patient #1, T4/T5 = 1.32) had
chronic bacterial pyelonephritis superimposed on a class JIB
lesion. Even eliminating this patient from the statistical analy-
sis, however, the class of LN was not found to correlate
significantly with tissue T4/T5 ratio (P — NS).
A significant positive correlation was found between tissue
T4/T5 ratio and anti-DNA antibody titer, a clinical index of
disease activity (P < 0.05). However, due to its correlation with
renal activity index (r — 0.55). the anti-DNA antibody titer was
not found to be an independent predictor of tissue T4/T5 ratio.
Total hemolytic complement levels correlated weakly with
tissue T4/T5, (P < 0.10). No statistically significant correlations
could be found between the relative populations of T4 and T5
cells with respect to other clinical parameters, including age,
sex, disease duration, treatment type, hematocrit, serum creat-
inc. creatininc clearance, 24-hour urinary protein excretion,
presence of hematuria, leukocyturia, or extrarenal disease
manifestations.
Discussion
Interstitial mononuclear inflammatory cell infiltrates are
found in many different types of primary glomerular disease.
Whether these cells play a primary pathogenetic role in the
production of renal tuhulo-interstitia! lesions or whether they
occur as a secondary or "reactive" phenomenon to tissue
injury is not known [33]. In LN, previous studies by this group
[101 and others [8, 341 have demonstrated that the prevalence
and severity of interstitial inflammation correlates with the
pattern of glomerular injury, being greater in the active,
endocapillary proliferative forms of LN. The severity of inter-
stitial inflammation was found to correlate with serum creati-
nine and diastolic hypertension [101. The severity of interstitial
inflammation was also a useful predictor of renal functional
outcome [101. The precise mechanism by which interstitial
inflammation might produce renal injury, however, and whether
its relationship to renal functional outcome is a causal one,
remains speculative.
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Table 4. Immunoperoxidase results in ienal biopsies
Leu-P T4(a & h)" Tsd Mid M
65.6 32.5 47.3 6.7 7.9 3.9 0.75
72.0 20.1 60.3 15.0 6.2 3.4 0.34
69.0 50.3 29.5 6.5 6.0 1.8 1.59
63.5 51.5 32.0 9.5 3.0 1.5 1.61
70.5 51.5 28.2 7.0 9.7 1.8 2.06
(N — 6)
expressed as mean Ye.
expressed as mean.
Tissueb
a Variable included in stepwise multiple linear regression.
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While interstitial inflammation is a common feature of many
types of acute and chronic glomerulonephritis, the interstitial
process in SLE may be somewhat distinctive. In LN, immune
deposits are frequently present, not only in glomeruli, but also
in the interstitium, the walls of interstitial capillaries, and along
TBMs, a phenomenon rarely encountered in other immune—
mediated glomerulonephritides [34, 35, 8—10]. Thus, it has been
suggested by some [8] that interstitial inflammation in LN may
occur in response to immunoglobulins and/or complement
deposited in interstitial sites. These deposits could form by
passive deposition of preformed circulating immune complexes,
as suggested by the experimental model of chronic serum
sickness in rabbits, which closely resembles human LN [36].
Deposits could also result from "planting" of antigen in inter-
stitial sites, perhaps due to their affinity for basement mem-
brane [371, followed by in situ binding of specific antibody. In
addition, tissue injury may unmask or alter native antigenic
determinants capable of eliciting auto-antibody production or
cell—mediated immunity [33]. It has been shown for example,
that tubular epithelial cells may express surface Ia antigen in
response to locally released lymphokines (such as interferon) in
a variety of inflammatory and autoimmune conditions [381.
Such newly expressed Class II MHC antigens may then allow
antigenic recognition by sensitized T lymphocytes.
With these pathogenetic considerations in mind, the current
study was undertaken to identify the cells comprising the
mononuclear inflammatory cell infiltrates in LN. From our
data, we conclude that the majority of mononuclear inflamma-
tory cells infiltrating the renal interstitium in all WHO classes of
LN studied are T cells. Infiltrating monocytes and B lympho-
cytes are fewer in number and no significant differences in the
relative percentages of T lymphocytes, B lymphocytes, and
monocytes could be found in the 26 patients studied. These
results do not differ significantly from other types of primary
glomerulonephropathy or interstitial nephritis studied by us or
reported by others [30, 39, 40].
Within the T lymphocyte population, however, there was
wide variability in the relative numbers of the helper/inducer
and cytotoxic/suppressor subsets. The renal tissue T4/T8 ratios
ranged from 0.31 to 1.81, but were less than one in 85% of
patients studied. The mean tissue T4/T8 ratio of 0.71 in LN was
significantly lower that that of our control cases of primary
glomerulonephropathy and chronic interstitial nephritis (P <
0.001). This difference is due to both a relative decrease in the
mean percentage of T4+ cells and a relative increase in the
mean percentage of T8+ cells in LN. The mean renal tissue
T4/T8 ratio in LN was also lower than that found in other types
of immune—complex mediated GN studied by others using
comparable monoclonal antibodies [39].
These tissue findings are of interest in view of recent studies
of peripheral blood T4/T8 ratios in SLE [71 which describe a
similarly broad spectrum of peripheral T4/T5 with a tendency for
lower T4/T8 ratios (<1.04) in those with clinically evident renal
disease. However, in our cases where cytofluorography was
performed on simultaneous peripheral blood samples, we could
document no relationship between the level of peripheral blood
T4/T8 ratio and that found within the kidney. Such a lack of
correlation between T4/T8 ratios in peripheral blood and renal
tissue has also been reported in renal allograft rejection [32]. In
addition, several of our patients with active class IV LN had
normal peripheral blood T4/T5 ratios. These findings point out
the hazards of making such clinical divisions based on patient
populations which are too small or lack renal biopsy. This is
especially true since the type and severity of the renal lesions
cannot be predicted on the basis of clinical and laboratory data
[41].
The functional significance of the OKT4 and OKT8 pheno-
type is unclear. While it was initially thought that T4 and T8
cells subserve helper/inducer and cytotoxic/suppressor func-
tions respectively [221, more recent evidence suggests that
these surface markers may be more helpful in distinguishing
cells capable of recognizing class I (OKT) and class II (OKT4)
MHC antigens. Thus some OKT4 cells are cytolytic for target
cells bearing the appropriate class II MHC antigens [42].
Because these surface phenotypes do not confer functional
specificity, the pathogenetic implications of the lower T4/T8
ratios in LN compared to controls remain unclear. The possi-
bility that increased local cytotoxic activity against cellular or
subcellular components occurs in LN is one possible consider-
ation. Similarly, the finding of a statistically significant and
independent correlation between T4/T8 levels and the histologic
Table 6. Correlation between log tissue T4/T8 ratio and various
histopathologic and clinical parameters of disease
Correlation
co-efficient P value
<0.001Renal activity index (RAI) 0.69
Serum DNA binding (Farr) 0.46 <0.05a
Severity interst. inflamm. 0.42 <0.05
Total hemolytic complement —0.36 <0. l0'
Glomerular severity index (GSI) 0.33 <0.10'
TBM deposits 0.32 <0.lOa
Serum creatinine —0.22 NS
Hematocrit —0.16 NS
Creatinine clearance 0.15 NS
Age —0.15 NS
Proteinuria (dipstick) 0.13 NS
Proteinuria (24 hour) 0.12 NS
Disease duration —0.09 NS
Treatment type 0.01 NS
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Fig. 5. Tissue T4/T8 versus renal activity index.
predictive value (P < 0.001).
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activity index in LN raises several questions. Could the pre-
ponderance of the 14 subset in the more active forms of disease
exert an inductive influence on the nephritis, perhaps by local
modulation of disease activity? Alternatively, in active disease,
could there be greater cellular recognition of class II MHC
antigens by the T4 subset? Such questions can only be
addressed by more detailed cellular functional studies.
Differences were found in the distribution of mononuclear
cells in the glomerular and in the interstitial compartments.
Mononuclear cells reactive with Leu-I, OK'I'4, and OKT5
antibodies could be found only in small numbers in the
glomerulus, although they were numerous in the interstitiurn.
However, cells with the surface phenotype of monocytes
(0KM1, 0KM) were the most numerous mononuclear cell type
among stained cells in the glomcrular tufts and crescents. The
finding of monocytes infiltrating the glomerular tufts and cres-
cents of patients with LN has been substantiated by others
utilizing such enzymatic markers as nonspecific esterase [431,
lysozyme [44], and alpha-l-antitrypsin [451. and recently in
immunoperoxidase studies using similar monoclonal antibodies
[46]. Recent experimental evidence suggests that monocytes in
the glornerulus may be capable of antigen processing and
presentation to sensitized lymphocytes [47]. Monocytes might
also be important in the phagocytosis, degradation, and elimi-
nation of immune material from the glomerular tuft [46].
In summary, we have demonstrated that T lymphocytes are
the predominant mononuclear inflammatory cell to infiltrate the
renal interstitium in LN. Tissue 'I'41T8 ratio correlated highly
with renal histologic activity, but was not independently pre-
dictive of any other histopathologic or clinical variable studied.
Whether and how local cellular immune mechanisms may be
important in the modulation of disease activity in lupus
nephritis remains to be determined. Mean tissue T4/T5 ratio in
LN was significantly lower than that of other control groups, a
finding which may reflect differences in the pathogenesis of
renal injury. There was no correlation between tissue '1'4/T5
ratios and simultaneous peripheral T4/T8 ratios. This study
offers the advantage of phenotypic identification of cells in their
own microenvironment, at the site of tissue injury. Determina-
tion of the state of functional activation and the precise immu-
nological role of such cells will require additional studies.
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